I
nformation about the epidemiology of type 2 diabetes in children and adolescents is limited because of the relatively recent recognition of its importance in this age-group. Accumulated evidence suggests that the number of children with type 2 diabetes has increased in recent years and continues to do so in the U.S.
(1-6). Currently, approximately onethird of all children and adolescents in Ohio and Arkansas and one-third of Hispanic children in California have type 2 diabetes (1). It is noteworthy that several racial and ethnic groups, such as the Pima Indians (7), Navajo Indians (8) , people from the Arab Emirates living in the U.S. (9) , Cree-Ojibway aborigines in Canada (10) , an indigenous population in Australia (11) , and Asian populations (12) (13) (14) are reported to be at a particularly high risk of developing type 2 diabetes.
In Japan, we previously demonstrated that from 1974 to 1995, the annual incidence of childhood type 2 diabetes was estimated at ϳ3-5/100,000 school children in the Tokyo metropolitan area, as detected by urine glucose screening (15) . A similar trend was noted in the cities of Yokohama and Osaka (16) . Several studies have indicated that the possible explanations for the emergence of type 2 diabetes in children and adolescents are the increased rate of obesity and decreasing physical activity in this age-group (1) (2) (3) (4) (5) (6) . Some environmental factors and genetic susceptibility may also be associated with the development of type 2 diabetes (1) (2) (3) (4) (5) (6) 15) .
Since 1973, a program involving screening of primary school children and junior high school children for hematuria and proteinuria using a morning urine specimen has been conducted by the Ministry of Education, Science, and Culture for an early detection of chronic renal disease (17) . Since 1974, the collected urine has also been tested for glucose to detect childhood diabetes, and we have detected a number of school children with type 1 and type 2 diabetes with minimal or no symptoms at the early stage of the disease (18) .
In the present study, we investigated the annual incidence and the clinical characteristics of childhood type 2 diabe-tes detected by the urine glucose screening program from 1974 to 2002 in the Tokyo metropolitan area.
RESEARCH DESIGN AND METHODS -
The study subjects were diagnosed as having diabetes by a urine glucose screening program. We have annually screened primary school children aged 6 -12 years and junior high school children aged 13-15 years residing in the Tokyo metropolitan area for glucosuria concomitant with proteinuria and hematuria since 1974. The annual participation rate in the urine test was almost 100%. Urinalysis was carried out using glucose oxidase tapes in a morning urine specimen. If a urine test was positive (urine glucose Ն100 mg/dl), a subsequent urine test was requested on another morning. An oral glucose tolerance test (OGTT) was performed when positive results were obtained on both the initial and the second urine tests to confirm diabetes. For the OGTT, 1.75 g/kg (maximum 75 g) of glucose was used and the U.S. Public Health Service criteria (19) and/or World Health Organization criteria (20 -23) for the diagnosis of glucose intolerance were followed.
In all, ϳ30 -60% of the subjects who showed positive results for urine glucose in the first and second screening test and exhibited normal glucose tolerance by OGTT were considered to have renal glucosuria. They had no symptoms of diabetes, and some of them had a family history of renal glucosuria. After the diagnosis of renal glucosuria, we followed them and confirmed that they never developed diabetes. Renal glucosuria is an isolated disorder of proximal tubular glucose transport, characterized by abnormal urinary excretion in the presence of normal glucose levels. Marble (24) defined renal glucosuria as a condition characterized by normal fasting blood glucose level, normal glucose tolerance as assessed by an OGTT, and a daily urinary glucose excretion of 10 -100 g. Laurence (25) defined this condition as the existence of glucosuria with normal glucose tolerance as assessed by an OGTT, regardless of the presence of glucosuria in the fasting state. The subjects who fulfilled Marble's criteria were few. However, Desjeux (26) reported that about 60% of the subjects with positive results for urine glucose were diagnosed as having renal glucosuria in accordance with the criteria proposed by Laurence. Our finding with respect to the prevalence of renal glucosuria in the screening is in accord with this result.
In general, children diagnosed with type 2 diabetes by the screening test showed minimal or no symptoms of diabetes and displayed a high insulin response to an OGTT at diagnosis (18) . However, some patients (ϳ5%) showed severe symptoms of the disease (such as ketosis at diagnosis) and low insulin secretion because of glucose toxicity. All the patients diagnosed with type 2 diabetes were negative for diabetes-related autoantibodies. On the other hand, we have also detected a small number of children with type 1 diabetes by the screening program. They showed low levels of serum insulin from the time of diagnosis. All the patients initially showed neither severe symptoms nor ketosis but they required insulin therapy for glycemic control and to prevent ketoacidosis from the time of diagnosis or within 15 months after diagnosis. All of these patients were nonobese at diagnosis. More than 80% of the children were positive for diabetes-related autoantibodies at the time of diagnosis. This novel subtype of diabetes is recognized as a slowly progressing form of type 1 diabetes (18, 27) .
To evaluate obesity in children and adolescents, percent overweight is commonly used in Japan as an index instead of BMI. Percent overweight is calculated based on the age-and height-matched ideal weight as (current weight Ϫ ageand height-matched ideal weight)/(ageand height-matched ideal weight) ϫ 100%. Patients whose percent overweight is Ն20.0% are classified as obese (28) .
To detect diabetes-related autoantibodies including islet cell antibodies, anti-GAD antibodies, and insulin autoantibodies, serum samples were collected from the patients at the time of diagnosis and stored at Ϫ70°C until the determinations were performed. Islet cell antibodies were detected by the indirect immunofluorescence method (27) . Anti-GAD antibodies and insulin antibodies were measured by radioimmunoassay.
Statistical analysis
Frequency was analyzed using Fisher's exact probability test to detect differences among the groups. P Ͻ 0.05 was considered significant.
RESULTS -From 1974 to 2002, we
annually screened 220,622-386,398 school children residing in the Tokyo metropolitan area. The number of school children screened started to decline in 1990 because of the decreased birth rate in this area. A total of 8,812,356 school children (5,918,758 primary school children and 2,893,598 junior high school children) were examined for glucosuria using a morning urine specimen. Type 2 diabetes was diagnosed in a total of 232 school children (106 male and 126 female). The overall male-to-female ratio was 1.0:1.19, and there was no significant predominance in sex (P ϭ 0.296). Table 1 shows the annual number and incidence of childhood type 2 diabetes from 1974 to 2002. We have annually diagnosed type 2 diabetes in 3-13 children in this screening program. The overall annual incidence of type 2 diabetes during the 29-year period was 2.63/ 100,000.
We compared the incidence of type 2 diabetes every 5 years from 1974 to 2002. The annual incidences of type 2 diabetes were 1.73, 3.23, 3.05, 2.90, and 2.46/ 100,000 in 1974 -1980, 1981-1985, 1986 -1990, 1991-1995, and 1996 -2002 , respectively. The incidence from 1981-1990 was significantly higher than that in 1974 -1980 (1981-1985 , P ϭ 0.0038; 1986 -1990, P ϭ 0.0091; 1991-1995, P ϭ 0.0226). There was no significant difference in the incidence of type 2 diabetes between 1996 and 2002 and 1974 and 1980 (P ϭ 0.1182). The average annual incidence after 1981 (2.76/ 100,000) was significantly higher than the incidence in 1974 -1980 (1.73/ 100,000; P Ͻ 0.0001). There was no statistical change in the incidence of type 2 diabetes from 1981 to 2002.
The annual number and incidence of type 2 diabetes in primary school and junior high school students from 1974 to 2002 is shown in Table 1 . Of the 232 children with type 2 diabetes detected by the screening system, 46 (19.8%) were primary school students and 186 (80.2%) were junior high school students. The annual incidences of type 2 diabetes in primary school and junior high school students were 0.78/100,000 and 6.43/ 100,000, respectively. Junior high school students showed a significantly high incidence of type 2 diabetes compared with primary school children (P Ͻ 0.0001). Table 2 shows yearly changes in the The male-to-female ratio in primary school students was 1.0:1.56 (P ϭ 0.278) and 1.0:1.10 (P ϭ 0.654) in junior high school students. Table 3 shows the distribution of the percent overweight in children with type 2 diabetes. In all, 83.6% of children with diabetes were Ն20.0% overweight and were judged to be obese. Of the girls, 23.0% were Ͻ20.0% overweight and thus were considered nonobese. Only 8.5% of boys were nonobese. Severe obesity, defined as Ն40.0% overweight, was more frequent in boys (65.1%) than in girls (48.7%). The percentages of subjects who were 40.0 -60.0% overweight (28.3%) and Ն60.0% overweight (36.8%) were significantly higher than the percentages of subjects Ͻ20.0% overweight (8.5%) (P ϭ 0.0059 and P Ͻ 0.0001, respectively).
Regarding first-degree relatives, 39.2% of the diabetic children had a family history of type 2 diabetes. When considering second-and first-degree relatives, 56.5% had a family history of type 2 diabetes. In all, 35.0% of the diabetic boys and 42.9% of the diabetic girls had first-degree relatives with type 2 diabetes, whereas 51.9% of the diabetic boys and 60.3% of the diabetic girls had second-and first-degree relatives with type 2 diabetes. There was no significant difference in the frequency of family history of type 2 diabetes between males and females.
CONCLUSIONS -Several recent studies have indicated that type 2 diabetes is becoming an increasingly prevalent disorder in young people all over the world (1-3) . The estimated prevalence of type 2 diabetes among American children and adolescents younger than 19 years is 1.0 -50.9/1,000 (2). Pima Indians, American Indians, Hispanics, and African Americans are reported to show a higher prevalence of childhood type 2 diabetes compared with whites in the U.S. (2,4 -6) . Young Asian people are also considered to be at a considerable risk of (13) . The annual incidence of childhood type 2 diabetes is estimated at 4 -7/100,000 in Taiwan as detected by urine glucose screening (14) . The number of children with type 2 diabetes may be underestimated in these Asian countries because of difficulties in research, underdiagnosis, and misclassification of type 2 diabetes by pediatric endocrinologists (3, 29) .
In the present study, we investigated the annual incidence of type 2 diabetes in children aged 6 -15 years in the Tokyo metropolitan area from 1974 to 2002 by urine glucose screening at school. We confirmed that the overall annual incidence of childhood type 2 diabetes during the past 29 years in Tokyo was 2.63/ 100,000 and the incidence from 1981 to 1995 was significantly higher than that from 1974 to 1980. There was no significant increase and change in the incidence of childhood type 2 diabetes in Tokyo since 1981.
We have also detected children with type 1 diabetes who show a slowly progressing form of the disease (18, 27) through this screening program. In total, 46 students with type 1 diabetes were detected with minimum symptoms of the disease, and the overall annual incidence of this form of diabetes was 0.52/ 100,000. Consequently, type 2 diabetes was more frequently detected than type 1 diabetes (P Ͻ 0.0001). There was no significant change in the incidence of type 1 diabetes detected by the screening program. The annual incidence of type 1 diabetes, including abrupt and slowly progressing forms, in Japanese children has been reported to be almost 2/100,000 (30, 31) . Therefore, the incidence of type 2 diabetes is considered to be higher than that of type 1 diabetes among Japanese children.
Several studies have indicated that the increase in childhood type 2 diabetes is a result of the increased frequency of obesity in young people (1-3). Insulin resistance originates from obesity, and it is related to glucose intolerance and development of diabetes (32) . In the present study, we found that Ͼ80% of children with type 2 diabetes are obese. The prevalence of obesity in Japanese school children has increased in the past 20 -30 years. The frequency of obese Japanese school students in 2000 was approximately three times higher than that in 1970 (33) . Currently ϳ10% of Japanese school children are obese (33) . Since the 1970s, lifestyle and eating habits of the Japanese, especially those of children, have become Westernized (33) . A reduction in energy expenditure due to a decrease in physical exercise associated with a prolongation of television viewing is a possible contributor to the increasing rate of obesity in Japanese children (34) . Increased intake of animal protein and fat in recent years may correlate with the increase in the prevalence of obesity and the incidence of type 2 diabetes among Japanese school children (15) . The yearly increase in the prevalence of obesity since 1980 in school children of the Kanto area, including the Tokyo metropolitan area, is possibly related to the increase in the incidence of childhood type 2 diabetes (15, 34) .
In the present study, the majority of children with diabetes were junior high school students with a usual pubertal age of 13-15 years. Puberty is considered to be an important risk factor leading to glucose intolerance. Insulin sensitivity decreases by ϳ30% during puberty, and it is associated with a compensatory increase in insulin secretion (35, 36) . The peak age of pediatric patients at diagnosis of type 2 diabetes is between 12 and 16 years (2). On the other hand, we found that the incidence of type 2 diabetes in primary school children tended to increase in recent years. Most primary school children in whom type 2 diabetes was diagnosed were 10 -12 years old and obese. Obese children tend to enter puberty at a younger age. The recent increase in the percentage of primary school students with diabetes may be influenced by the early occurrence of puberty.
It is interesting to note that among Japanese children with type 2 diabetes, the girls more commonly had a normal weight, whereas the boys were more frequently markedly obese. In the case of Japanese junior high school students, the prevalence of obesity increased regardless of sex, but boys showed a higher prevalence of obesity than girls (7.6 vs. 7.6% in 1989 -1990, 12.3 vs. 10.8% in 2001-2002) (37) . The risk of developing type 2 diabetes due to obesity was much higher in men than in women in a Japanese adult population-based study (38) . Poor eating habits, which are notable in older boys and adult men, may be one of the reasons for the high frequency of type 2 diabetes in men (37, 38) . On the other hand, most of the studies in children indicate a higher frequency of type 2 diabetes in girls (2). Rosenbloom et al. (1) reported that girls were 1.7 times more likely to have type 2 diabetes than boys. Femininity may play an important role in the development of type 2 diabetes, which excludes insulin resistance associated with obesity.
We demonstrated a high frequency of type 2 diabetes among Japanese children with a family history of type 2 diabetes. The frequency of a family history of type 2 diabetes in second-and first-degree relatives is reported to range from 74 to 100% Data are n (%). Percent overweight is calculated based on the (current weight Ϫ age-and heightmatched ideal weight)/(age-and height-matched ideal weight) ϫ 100 (%). Patients whose percent overweight is Ն20.0% were judged to be obese. *Ͻ20% overweight vs. 40 -59% overweight (P ϭ 0.0059); **Ͻ20% overweight vs. Ն60% overweight (P Ͻ 0.0001). (2) . In the present study, we investigated the children's family history at the time of diagnosis, when the patients were Ͻ15 years of age. The frequency of a family member with type 2 diabetes may increase after children are diagnosed with diabetes. In any case, genetic susceptibility is strongly associated with the occurrence of type 2 diabetes.
We think that urine glucose screening for all school children is useful in detecting childhood diabetes at the early stages of the disease (i.e., before they develop ketoacidosis). However, it costs ϳ$3 U.S. per subject for urinalysis using a glucose oxidase tape and ϳ$500 U.S. to diagnose one subject with diabetes in this screening program, including OGTT and the measurement of HbA 1c . It may not be appropriate to recommend this screening program for all children, and it may be necessary to target only high-risk subjects for screening. The American Diabetes Association and the American Academy of Pediatrics recommend a testing age of Ͼ10 years or at the onset of puberty for children with a BMI Ͼ85th percentile, with second-and first-degree diabetic relatives, in an at-risk race or ethnic group, and with signs of insulin resistance (2, 3) .
We confirmed that the annual incidence of type 2 diabetes among school children in the Tokyo metropolitan area increased after 1981. Japanese children are considered to be at a considerably high risk of developing type 2 diabetes. Age, sex, and genetic susceptibility may be associated with the occurrence of type 2 diabetes. However, an increasing prevalence of obesity associated with changes of lifestyle in this group seems to be a major cause of the increase in the frequency of this disorder. Therefore, improvement of lifestyle by increased physical activity and reduced caloric intake and consumption of animal proteins and fat are necessary to decrease the prevalence of childhood obesity and thereby prevent the development of type 2 diabetes (1) (2) (3) 39) .
